vitamin A were added. The adjustment of older animals to a fixed food mixture was difficult in all cases; some animals refused it and had to be returned to the laboratory diet. Nevertheless, the monkeys used here represent an unusual group in view of the fact that all were over five years old and of known age.
Vitamin A levels were determined by the antimony trichloride method (Kimble, 1939) , using a Lumetron photo-electric colorimeter calibrated with the new Vitamin A Reference Standard; 1 cc. of serum was used for each determination, blood being drawn from one of the leg veins. RESULTS I. Normal animals a. Average serum levels. Average levels of vitamin A in animals of this group showed extremes of 125 i.u. to 165 i.u. per 100 ml. of serum, with a general average of 142.6 i.u. (Table 1) . A slightly greater range of values was obtained when all samples were considered individually; the lowest figure determined was 111.5 i.u. as contrasted to the highest of 175.0 i.u. per 100 ml. of serum. In view of the age and weight differences within this group, the above range of values is relatively narrow. This fact receives further emphasis when it is noted that the extreme averages fall 17.6 i.u. below, and 22.4 i.u. above the group average for serum vitamin A in these animals. b. Changes during menstrual cycle. During the first week of the menstrual cycle, the vitamin A content of the serum dropped below the normal average, and rose slightly during the following few days (Fig. 1) . Between the 10th and 15th day of the cycle there was an increase in the vitamin level, reaching a peak of 175.0 i.u. per 100 ml. of serum by the 15th day. A relatively high level was also obtained on the 21st day, followed by a sharp decline during subsequent days; by the 24th day, the vitamin A value was comparable to that on the 5th day, at which time the lowest values were noted (Fig. 1) gop Tbe1.Asih but steady tendency toward lower levels was apparent with increasing age of the animal and was most marked between the 6th and 7th year. The smallest value was obtained in a 10-year-old monkey, which exhibited an average of 129.7 i.u. per 100 ml. of serum. The high figure of 159.2 i.u., recorded as the average for a monkey 12 years and 9 months of age, may not be considered as representative because the determinations were performed during the first weeks of pregnancy.
In assembling the above data, special care was taken to avoid interpreting vitamin A differences of the menstrual cycle as being due to the age of the animal. The average values reported were obtained on blood samples at different stages of the cycle in order to prevent this error.
d. Changes with body weight. The body weight in normal monkeys showed the greatest increases between the 5th and 7th years; this gain in weight thus occurred during the period when the concentration of serum vitamin A was declining (Table 1) . Body weight by the 10th year was significantly below that recorded in the 7th year. The high weight recorded in a 12-year-old animal cannot be considered as normal for this age because it was pregnant.
II. Vitamin A-deficient animals a. Average serum levels. Serum levels of vitamin A in these animals showed wider fluctuation than those noted in control monkeys (Table 1) . Extreme averages ranged between 26 i.u. and 96.7 i.u. per 100 ml. of serum, although values of 9 i.u. and zero i.u., respectively, were recorded in two animals. The latter figure was excluded in obtaining the group average which was thus 53.3 i.u. (rather than 46.7 i.u.) per 100 ml. of serum. The extreme averages fall 27.3 i.u. below and 43.4 i.u. above the general average for the group. The relative significance of these data is obviously impossible to evaluate without consideration of the age of the animal and the length of exposure to the deficient diet. b. Changes during menstrual cycle. A significant fall in serum vitamin A levels was apparent during the first few days of the menstrual cycle; a more gradual decline was then noted until the 10th day at which time the lowest value was recorded. Subsequent determinations showed a sharp rise in vitamin A content of the serum, with high levels being recorded on the 15th and 23rd days (Fig. 1) .
The fluctuations in serum concentration of the vitamin in the deficient group thus showed certain important similarities to those observed in the control group. The low values during the first week, followed by high levels after the 10th day, are probably the most notable features. The sharp decline to normal levels after the 21st day was not seen, although a gradual fall was apparent between the 23rd and 26th days of the cycle. That the changes in vitamin A content of the serum in these animals show so much similarity to those of the control group is surprising in view of the differences in age and length of exposure to the diet.
Fewer data were obtained on the serum levels of vitamin A during the menstrual cycle after the animals had been taken off the deficient diet, because most of the animals became pregnant. Of some significance, however, is the rapid tendency to approach the normal pattern of the cycle described above (Fig. 1) . Low levels were obtained during the first and last weeks, with significant increases noted between the 9th and 16th days of the cycle. A few of 100 7 these animals exhibited d. Correlation with length of tinme on diet. In plotting the serum levels of vitamin A throughout the 18 months on the diet, the averages were obtained from animals of widely different ages. Relatively small changes in concentration of the vitamin were noted during the first 15 months (Fig.   2 ), after which a more marked decline was noted. Although earlier and more pronounced changes might have been depicted had younger animals been used, it is of interest that even the latter do not exhibit striking effects of the diet until about the 6th to 7th month of the experiment.
e. Influence of age at start of diet. The age of the animal when placed on the diet considerably influenced the subsequent changes in serum content of vitamin A. Six months after beginning the experiment, the 6-10-year-old monkeys had markedly low levels of the vitamin as contrasted to the higher, although subnormal, levels in the older animals. Subsequent determinations on the latter group illustrate the effect which age may have on the results. The 11-year-old group exhibited a fall in vitamin levels by the 7th month, relatively constant, low values being maintained during the following 11 months. Older animals showed a temporary rise, followed by a steady decline in the serum concentration of vitamin A between the 7th and 15th months; between the 15th and the 18th months a greater drop in values was observed. The latter values, however, were significantly above those recorded in the younger group at this time ( Table 2) . The early and definite response of the younger group to the deficient diet was duplicated in the changes noted after the diet was discontinued. A progressive and relatively rapid rise in serum content of the vitamin was seen in the first week; and levels approached the lower limits of normal by the fourth week. Contrasted to this is the more irregular and slower response of the older animals, with a tendency to retain the low levels during the first month. Pregnancies unfortunately eliminated too many animals to allow a representative plotting of these changes. The available data, however, indicate that the vitamin A content of the serum remained at subnormal levels for at least three months after the deficient diet had been discontinued. f. Pregnancy. Vitamin A determinations on pregnant monkeys showed that relatively high serum concentrations were reached during the first few months of pregnancy. The one animal in which a fall in the level occurred shortly after conception aborted on the 19th day of pregnancy.
g. Body weight. There was a lack of correlation between changes in serum vitamin A levels and the fluctuations in body weight during corresponding periods. A relatively constant body weight was maintained in some animals although marked increases or decreases in vitamin values occurred. This failure to show a parallelism between weight and serum vitamin A is further emphasized when the animals are considered individually. When the group is considered as a whole, however, such a parallelism does exist, thus masking profound variations noted in the individual animals.
The younger monkeys showed a rapid increase in body weight when the deficient diet was discontinued. The older animals, however, gained weight slowly, and some lost weight during the first days or weeks after the experiment was terminated. In these respects, therefore, the correlation of age with changes in body weight is comparable to that observed with changes in serum vitamin A levels.
DISCUSSION
The range of serum vitamin A values in normal monkeys, irrespective of age or body weight, is relatively small in comparison to the range in man 1 4 10, 1 a similar lack of correlation between body weight and vitamin A levels in the blood has also been indicated.1'21 A wider range of values, also independent of body weight, was observed in monkeys on a diet deficient in the vitamin.
The above study indicates that certain factors may profoundly affect the vitamin levels in the serum; the first or last weeks of the menstrual cycle may show abnormally low values, while unduly high averages may be obtained if the samples are drawn during the middle third of the cycle.
An additional factor of importance affecting the vitamin A determinations in the deficient animals is the age of the latter at the start of the deficient regime. The younger group exhibited the first significant decrease in serum levels after the 6th to the 7th month, in contrast to the older group which showed little change until after the 15th month on the diet. The return of serum vitamin A to normal values, after the diet had been discontinued, was also more rapid in the younger animals.
The pattern of serum vitamin A levels during the menstrual cycle is of apparent significance to the concept of a relationship existing between this vitamin and the reproductive hormones.1""15 '16 Further investigation is essential, however, to determine the true significance of the suggestive data reported.
SUM MARY 1. Serum vitamin A levels in monkeys on the laboratory diet remain relatively constant and comparable, irrespective of weight of the animals; there is a slight tendency toward lower values with increasing age.
2. Vitamin A values in animals on the laboratory diet were low during the first and last weeks of the menstrual cycle, and showed a significant increase during the middle two weeks of the cycle.
3. In the animals on the deficient diet the low vitamin A levels during the first week of the menstrual cycle, followed by higher values during the second week, simulate the pattern of changes noted in the normal animals; the high values were maintained for a longer period, however, in the A-deficient monkeys.
4. After six to seven months on the A-deficient diet young monkeys showed significant decreases in serum content of the vitamin; older animals did not show comparably low values until about fifteen months.
5. With interruption of the deficient diet, serum levels of the vitamin and body weight tended to return more rapidly toward normal in the younger group of monkeys.
